Purpose Conjunctival changes induced by rigid, gas-permeable and soft contact lenses (CL) were investigated using impression cytology. A scoring system based on seven parameters (specimen cellularity, cell-to-cell contacts, nucleus/cytoplasm ratio, chromatin, goblet cell distribution, keratinisation inflammatory cells) was used to evalu�te the morphological results.
including those induced by contact lenses (CL). [4] [5] [6] In these studies squamous metaplasia and other morphological alterations of the epithelium were demonstrated. All proposed epithelial staging systems 7 , 8 for the evaluation of conjunctival imprinting have taken into account only a few cytological parameters, so that early alterations were not detected. More recently, a multipara metric scoring system for the evaluation of the specimens obtained by conjunctival imprinting was proposed.1.9 This method allowed, through the examination of seven parameters, a more accurate study of the morphological changes of the conjunctival surface. In the present paper the alterations of the conjunctival epithelium in asymptomatic CL wearers and in patients with intolerance to CL were studied; furthermore, the modifications induced by different types of CL (rigid, gas permeable and soft) in both asymptomatic and CL-intolerant patients were considered.
Materials and methods

Patient popUlation
Eighty-five patients wearing CL in both eyes and 2 patients wearing CL only in one eye (41 men, 46 women; age 16-71 years) were studied, giving a total of 172 eyes. Twenty healthy non CL-wearing subjects (9 men, 11 women; age 18-65 years) were also included. None of the subjects had ocular and I or systemic diseases or was taking any drug. CL care was carried out according to manufacturer's guidelines. The study population was divided into three groups: group 1, healthy non-CL-wearing controls (40 eyes); group 2, CL wearers without intolerance problems (60 eyes divided as follows: 15 rigid PMMA lenses, 20 gas permeable CAB lenses and 25 soft HEMA 38% water content lenses); group 3, CL wearers with intolerance problems (112 eyes divided as follows: 30 PMMA rigid lenses, 40 gas permeable CAB lenses and 42 soft HEMA 38% water content lenses). Group 2 patients had been wearing CL for 8.8 :±: 8.9 years with a use of 12.5 :±: 4.6 hi day. Group wearing CL for 12.5 ::±: 9.0 years and had suffered intolerance problems for 3.2 ::±: 3.6 years. Be fore the appearance of intolerance symptoms, CL had been used for 9.7 ::±: 5.3 hi day, whilst after the appearance of symptoms the wear time was reduced to 5.4 ::±: 5.0 hi day. The reduction in the wear time was the only therapeutic measure adopted by the patients.
The patients were seen by a single ophthalmologist (P.A.) at the External Eye Diseases Unit of the Institute of Ophthalmology of Messina, between 1990 and 1996. Informed consent was obtained from all the subjects included in this study.
Specimen collection
For impression cytology Millipore cellulose filters (Millipore, GSWP02500, pore size 0.22 fLm) were cut into pieces, approximately 4 X 5 mm in size, which were applied to the tip of a plastic rod by means of a small piece of adhesive material (B lue Tack, Bo stik, Leicester, UK). The filters were applied to the bulbar conjunctiva, gently pressed for 3-4 s and then removed. Specimen collection was carried out on bulbar conjunctiva at the 12 0' clock position, 3 mm from the limbus, in both patients and controls. Specimens were fixed in a solution of glacial acetic acid, 40% formaldehyde, absolute ethanol and distilled water in the proportions of 1:1:14:6 respectively} then processed for the P AS-Papanicolaou stain according to Gill et al.lO
Impression cytology evaluation
In each specimen, the following parameters (Table 1) were evaluated: (1) cellularity, (2) cell-to-cell contacts, (3) nucleus I cytoplasm ratio (N I C), (4) nuclear chromatin, (5) goblet cell (GC) distribution, (6) presence of keratinisation, (7) presence of inflammatory cells. Each parameter was given a score as follows: 0, normal features, 1, borderline features, 2, abnormal features. For keratinisation and inflammatory cells a score of 3 was also considered, as these are signs of severe conjunctival alteration. The scores obtained for each parameter were summed to give a total score, on the basis of which the specimens were divided into three classes (Table 1) : class A (total score 0-3), normal features ; class B (total score 4-6), borderline features ; class C (total score >7), abnormal features.1•9 (borderline); class C, total score >7 (abnormal).
Statistical analysis
Statistical analysis of the results was performed using an analysis of variance (SAS/ Stat 6.0.3). A value of p<0.05 was considered as statistically significant.
Results
All the specimens obtained from group 1 showed a total score <3 and were therefore considered in class A of impression cytology (Table 2) . In group 2, 20 eyes (33.3%) were included in class A; 34 eyes (56.7%) were included in class B ; 6 eyes (10%) were included in class C (Table 2) . If the different types of CL were taken into account (Table 3) , among the 15 eyes wearing rigid lenses, 2 (13.3%) were included in class A, 9 (60%) in class Band 4 (26.7%) in class C. Among the 20 eyes wearing gas-permeable lenses, 5 (25%) were in class A, 13 (65%) in class Band 2 (10%) in class C. As to the 25 eyes wearing soft lenses, 13 (52%) were included in class A and 12 (48%) in class B ; no eye was included in class C.
In group 3, 9 eyes (8%) were included in class A; 38 eyes (33.9%) were in class B ; 65 eyes (58.1 %) were in class C (Table 2) . If the different types of CL were taken into account (Table 3) , among the 30 eyes wearing rigid lenses, 4 (13.3%) were in class A, 14 (46.7%) in class Band 12 (40%) in class C. Among the 40 eyes wearing gas permeable lenses, 5 (12.5%) were in class A, 10 (25%) in class Band 25 (62.5%) in class C. As to the 42 eyes wearing soft lenses, no eye was included in class A, 14 (33.3%) were included in class Band 28 (66.7%) in class C. If the data obtained from group 1 were compared with those of group 2 patients (Fig. 1) , all cytological parameters showed statistically significant differences (p<O.OOl), with the exception of the inflammatory cells, as they were absent in both groups. Similar results were obtained from the comparison of group 1 versus group 3 (p<O.OOl) (Fig. 1) . If the cytological parameters obtained from group 2 and group 3 patients were compared, only the cell-to-cell contacts and the GC distribution were not significantly different (Fig. 1) . Examples of the morphological changes occurring in group 3 specimens are shown in Figs. 2 and 3. When the effects of the different types of CL on the conjunctival cytology were considered it was possible to note that in group 2 (Fig. 4) , rigid and gas-permeable CL determined more evident alterations of the following parameters: specimen cellularity (p<O.004 and p<O.006 versus soft lenses respectively; Fig. 5 ), N / C ratio (p<O.OOl and p<O.008 respectively; Fig. 6 ) and GC distribution (p<O.Ol and p<O.03 respectively; Fig. 7 ). The mean total score of group 2 was higher in wearers of rigid and gas permeable lenses than in wearers of soft lenses (p<O.002 and p<O.OOl respectively). In group 3 (Fig. 8) , soft lenses altered more significantly than the other CL types the following parameters: specimen cellularity (p<O.OOl vs either rigid or gas-permeable lenses), N / C ratio (p<O.OOl vs either rigid or gas-permeable lenses) and GC distribution (p<O.Ol vs either rigid or gas-permeable lenses). In group 3, the mean total score was higher in wearers of soft lenses, with statistically significant differences versus the other types of lenses (p<O.OOl vs either rigid or gas permeable lenses).
Keratinisation was observed in group 2 and group 3 patients; it was statistically significantly higher in group 3 patients. No differences were found among the three types of CL. Inflammatory cells (Fig. 9) were observed only in group 3 specimens: however, they did not show any statistically significant difference among the three groups of CL wearers.
Conclusions
Impression cytology evaluated with the proposed scoring system was suitable to demonstrate conjunctival alterations in CL wearers: in CL wearers without problems, major alterations were detected in rigid and gas-permeable CL wearers, whilst soft lenses seemed to determine minor changes of the conjunctival epithelium. This was demonstrated by the scores obtained from parameters such as specimen cellularity, N / C ratio, GC distribution and by the total score, which were statistically significantly higher in specimens from wearers of rigid and gas-permeable CL. In patients with intolerance to CL, an opposite pattern of alterations was observed, so that major alterations were found in specimens from wearers of soft lenses; the parameters cellularity, N / C ratio and GC distribution showed statistically significant alterations in wearers of soft lenses compared with the other lens wearers.
Taking into account these altered parameters it is possible to address some considerations. The specimen cellularity is known to depend either on the adhesion between the epithelial surface and the filter or on the integrity of the cell-to-cell contacts between cells of the same or of underlying layers.ll The alterations of this parameter may indicate that CL were able to determine cellular changes, which resulted in minor adhesion of the conjunctival epithelium to the filter, so that mainly isolated cells were observed instead of the epithelial patches typical of the normal conjunctiva. 4, 9 The N / C ratio in normal conjunctival cells is 1:1_1:2; 7 , 8 ,1 2 a reduction in this ratio indicates morphological changes towards increased stratificationS and squamous metaplasia,13 which can be considered a more advanced stage of conjunctival epithelium damage. An altered GC distribution indicates a conjunctival response to the irritant stimuli induced by CL wear.14 In our specimens, two altered features could be observed: an increased amount of clustered, unevenly distributed GC, followed by a significant reduction of GC density or their disappearance in the final stages of squamous metaplasia. Keratinisation is a sign of epithelial damage and of advanced squamous metaplasia.s We observed this feature in group 2 and group 3 patients, although the latter showed statistically significantly higher scores. Knop and Br ewittS were not able to demonstrate keratinisation in asymptomatic CL wearers: this difference with our results could be explained by a longer mean wear time of our patients (8.8 ± 8.9 years vs 5.25 ± 3.24 years).
Our results show that CL wear induces a modification of the conjunctival epithelium demonstrable by impression cytology. The different responses of the conjunctival epithelium to the three types of CL could be due to the different design of the lenses. The soft lenses included in this study were of low water content. This characteristic determined a reduced diffusion of oxygen through the lens but also a lesser tendency to accumulate deposits that could be responsible for an allergic reaction of the conjunctiva. The removal of metabolites from the ocular surface is achieved through the lens itself; the tear pump does not work because the diameter of the lens is too large. Be cause the soft lens of our study was of low water content the removal of metabolites may not be sufficient in intolerance conditions. On the contrary in rigid and gas-permeable lenses the tear pump is efficient and metabolites can be removed actively from behind the lens.1s. 16 The removal of metabolites from the ocular surface could play a role in the conjunctival changes present in contact lens wearers.1 7 On the basis of our results, the use of rigid/ gas-permeable CL could be suggested in patients experiencing CL intolerance.
